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Ocean Optics Protocols For Satellite Ocean Color Sensor Validation, Revision 4, Volume VI

Preface

This document stipulates protocols for measuring bio-optical and radiometric data for the Sensor
Intercomparison and Merger for Biological and Interdisciplinary Oceanic Studies (SIMBIOS) Project activities and
algorithm development.  The document is organized into 6 separate volumes as:

Ocean Optics Protocols for Satellite Ocean Color Sensor Validation, Revision 4
Volume  I: Introduction, Background and Conventions
Volume  II: Instrument Specifications, Characterization and Calibration
Volume  III: Radiometric Measurements and Data Analysis Methods
Volume IV: Inherent Optical Properties: Instruments, Characterization, Field Measurements and Data

Analysis Protocols
Volume  V: Biogeochemical and Bio-Optical Measurements and Data Analysis Methods
Volume  VI: Special Topics in Ocean Optics Protocols and Appendices

The earlier version of Ocean Optics Protocols for Satellite Ocean Color Sensor Validation, Revision 3 (Mueller
and Fargion 2002, Volumes 1 and 2) is entirely superseded by the seven Volumes of Revision 4 listed above.

The new multi-volume format for publishing the ocean optics protocols is intended to allow timely future
revisions to be made reflecting important evolution of instruments and methods in some areas, without reissuing the
entire document.  Over the years, as existing protocols were revised, or expanded for clarification, and new protocol
topics were added, the ocean optics protocol document has grown from 45pp (Mueller and Austin 1992) to 308pp in
Revision 3 (Mueller and Fargion 2002).  This rate of growth continues in Revision 4.  The writing and editorial tasks
needed to publish each revised version of the protocol manual as a single document has become progressively more
difficult as its size increases.  Chapters that change but little, must nevertheless be rewritten for each revision to
reflect relatively minor changes in, e.g., cross-referencing and to maintain self-contained consistency in the protocol
manual.  More critically, as it grows bigger, the book becomes more difficult to use by its intended audience.  A
massive new protocol manual is difficult for a reader to peruse thoroughly enough to stay current with and apply
important new material and revisions it may contain.  Many people simply find it too time consuming to keep up
with changing protocols presented in this format - which may explain why some relatively recent technical reports
and journal articles cite Mueller and Austin (1995), rather than the then current, more correct protocol document.  It
is hoped that the new format will improve community access to current protocols by stabilizing those volumes and
chapters that do not change significantly over periods of several years, and introducing most new major revisions as
new chapters to be added to an existing volume without revision of its previous contents.

The relationships between the Revision 4 chapters of each protocol volume and those of Revision 3 (Mueller
and Fargion 2002), and the topics new chapters, are briefly summarized below:

Volume I:  This volume covers perspectives on ocean color research and validation (Chapter 1), fundamental
definitions, terminology, relationships and conventions used throughout the protocol document (Chapter 2),
requirements for specific in situ observations (Chapter 3), and general protocols for field measurements, metadata,
logbooks, sampling strategies, and data archival (Chapter 4).  Chapters 1, 2 and 3 of Volume I correspond directly to
Chapters 1, 2 and 3 of Revision 3 with no substantive changes.  Two new variables, Particulate Organic Carbon
(POC) and Particle Size Distribution (PSD) have been added to Tables 3.1 and 3.2 and the related discussion in
Section 3.4; protocols covering these measurements will be added in a subsequent revision to Volume V (see
below).  Chapter 4 of Volume I combines material from Chapter 9 of Revision 3 with a brief summary of SeaBASS
policy and archival requirements (detailed SeaBASS information in Chapter 18 and Appendix B of Revision 3 has
been separated from the optics protocols).

Volume II: The chapters of this volume review instrument performance characteristics required for in situ
observations to support validation (Chapter 1), detailed instrument specifications and underlying rationale (Chapter
2) and protocols for instrument calibration and characterization standards and methods (Chapters 3 through 5).
Chapters 1 through 5 of Volume II correspond directly to Revision 3 chapters 4 through 8, respectively, with only
minor modifications.


	NASA/TM-2003-211621/Rev4-Vol.VI
	Ocean Optics Protocols For Satellite Ocean Color Sensor Validation, Revision 4, Volume VI: Special Topics in Ocean Optics Protocols and Appendices
	Goddard Space Flight Space Center

	NASA/TM-2003-211621/Rev4-Vol.VI
	Ocean Optics Protocols For Satellite Ocean Color Sensor Validation, Revision 4, Volume V: Special Topics in Ocean Optics Protocols and Appendices
	Goddard Space Flight Space Center

	Preface
	Ocean Optics Protocols for Satellite Ocean Color Sensor Validation, Revision 4
	
	
	
	
	
	Volume  I: Introduction, Background and Conventions
	Volume  II: Instrument Specifications, Characterization and Calibration
	Volume  III: Radiometric Measurements and Data Analysis Methods
	Volume IV: Inherent Optical Properties: Instruments, Characterization, Field Measurements and Data Analysis Protocols
	Volume  V: Biogeochemical and Bio-Optical Measurements and Data Analysis Methods
	Volume  VI: Special Topics in Ocean Optics Protocols and Appendices






	Chapter 1
	Introduction to Special Topics in Ocean Optics for Ocean Color Sensor Validation
	James L. Mueller
	Center for Hydro-Optics and Remote Sensing, San Diego State University, California
	REFERENCES




	Chapter 2
	MOBY, A Radiometric Buoy for Performance Monitoring and Vicarious Calibration of Satellite Ocean Color Sensors:  Measurement and Data Analysis Protocols
	Dennis K. Clark1, Mark A. Yarbrough2, Mike Feinholz2, Stephanie Flora2, William Broenkow2, Yong Sung Kim3, B. Carol Johnson4, Steven W. Brown4, Marilyn Yuen1, and James L. Mueller5
	1NOAA National Environmental Satellite Data Information Service, Suitland, Maryland
	2Moss Landing Marine Laboratory, California
	3Data Systems Technologies, Inc., Rockville, Maryland
	4National Institute of Standards and Technology, Gaithersburg, Maryland
	5Center for Hydro-Optics and Remote Sensing, San Diego State University, California
	2.1 INTRODUCTION
	2.2 THE MOBY PRIMARY VICARIOUS CALIBRATION SITE
	
	
	
	MOBY and the Marine Optical System (MOS)
	Ancillary Measurements on MOBY
	Mooring Buoy Measurements
	Data Communications




	2.3 MOBY OPERATIONS AND MEASUREMENT METHODS
	
	
	
	Deployment Schedule and Methods
	MOCE and Other Validation Shipboard Operations
	MOBY System Operations Scheduling
	Radiometric Measurements
	Methods for Mitigating Bio-Fouling
	Ancillary Measurements
	Sun Photometer and Sky Radiance Measurements (on Lanai and Oahu)




	2.4 CALIBRATION AND QUALITY CONTROL
	
	
	
	Radiometric Calibration and Characterization of MOS
	Field Tests of Radiometric Stability Using Diver Deployed Sources
	Wavelength Stability Tests Using Fraunhofer Lines
	Stray Light Characterization
	CIMEL Sun Photometer and Sky Radiance Sensor Calibrations




	2.5 DATA ANALYSIS METHODS
	
	
	
	Temporal Averaging
	System Spectral Response Functions
	Measurement Depths
	Determining LW(?) by Upward Extrapolation
	Normalized Water-Leaving Radiance
	Spectral Band Averaging




	2.6 DATA ARCHIVAL AND RECORDKEEPING
	2.7 FUTURE DIRECTIONS
	
	
	
	Temperature Characterizations
	Stray Light Characterizations




	ACKNOWLEDGMENTS
	REFERENCES
	Required Measurements





	Chapter 3
	Radiometric and Bio-optical Measurements from Moored and Drifting Buoys: Measurement and Data Analysis Protocols
	
	1Monterey Bay Aquarium Research Institute, Moss Landing, California
	2Ocean Physics Lab., University of California, Santa Barbara, California
	3College of Oceanic and Atmospheric Sciences, Oregon State University, Corvallis, Oregon
	4Satlantic Inc., Halifax, Nova Scotia, Canada
	5Bigelow Laboratory for Ocean Sciences, W. Boothbay Harbor, Maine
	6Woods Hole Oceanographic Institution, Woods Hole, Massachusetts
	7University of Maryland, College Park, Maryland
	8Center for Hydro-Optics and Remote Sensing, San Diego State University, California
	3.1 INTRODUCTION
	
	
	
	Bio-optical measurements from moored and drifter platforms




	3.2 BIO-OPTICAL MOORING NETWORKS AND DRIFTING BUOY EXPERIMENTS: STRATEGIC PRINCIPLES
	
	
	
	Coastal and Continental Shelf Oceanographic Features and Processes
	Equatorial Oceanographic and Air-Sea Interaction Processes
	Oceanographic Processes in Oligotrophic Water Masses
	The Southern Ocean
	California Current System Drifter Studies




	3.3 MOORING AND DRIFTER ARRAY CONFIGURATIONS
	
	
	
	Moored Surface Buoys

	MEPS
	Subsurface Moorings
	Profiling Moorings
	Drifting Buoy Configurations




	3.4 MEASUREMENT METHODS AND INSTRUMENTATION
	
	
	JGOFS EQPAC
	Instrument Control and Data Acquisition



	PRR-620
	HR3
	OCR507 ICSA
	OCI200
	WETStar
	DFLS
	SBE/CT
	Aandaraa 3544
	Custom

	ED-100
	SBE/CT
	
	Radiometric Measurement Methods
	Radiometers
	Inherent Optical Properties Measurement Methods
	Methods for Other Measurements
	Validation Using Shipboard Measurements




	3.5 DATA BUOY OPERATIONS AND MEASUREMENT METHODS
	
	
	
	Deployment/recovery schedules and methods
	Instrument Controllers, Data Recording, and Telemetry Scheduling




	3.6 DATA ANALYSIS AND QUALITY CONTROL METHODS
	
	
	
	Above-Water Spectral Irradiance
	In-Water Radiometric Data
	IOP Data
	Chlorophyll a Fluorescence Data




	3.7 RECORDKEEPING AND DATA ARCHIVAL
	
	
	
	Logs and supporting documentation
	Data Archival




	REFERENCES




	Chapter 4
	Ocean Color Radiometry from Aircraft: I. Low Altitude Measurements from Light Aircraft
	Gordana Lazin1, Lawrence W. Harding, Jr.2, and Scott McLean1
	1Satlantic Inc., Halifax, Nova Scotia, Canada
	2University of Maryland, Center for Environmental Science, Cambridge, Maryland
	4.1 INTRODUCTION
	4.2 MEASUREMENT METHODS
	4.3 RADIOMETRIC CORRECTION METHODS FOR AIRBORNE OCEAN COLOR RADIANCE MEASUREMENTS
	
	
	
	Atmospheric Attenuation
	Atmospheric Path Radiance
	Surface Glint
	Water-Leaving Radiance from Low-Altitude Radiance Measurements




	4.4 CHLOROPHYLL a DETERMINATION
	
	
	
	Water-Leaving Radiance Ratio Algorithms
	Spectral Curvature Algorithm




	4.5 DISCUSSION
	REFERENCES




	Chapter 5
	Stray-Light Correction of the Marine Optical Buoy
	Steven W. Brown1, B. Carol Johnson1, Stephanie J. Flora2, Michael E. Feinholz2, Mark A. Yarbrough2, Robert A. Barnes3, Yong Sung Kim4, Keith R. Lykke1, and Dennis K. Clark5
	1Optical Technology Division, National Institute of Standards and Technology, Gaithersburg, Maryland
	2Moss Landing Marine Laboratories, Moss Landing, California
	3Science Applications International Corporation, Beltsville, Maryland
	4 Data Systems Technologies, Inc., Rockville, Maryland
	5National Oceanic and Atmospheric Administration, National Environmental Satellite Data and Information Service, Camp Springs, Maryland
	5.1 INTRODUCTION
	5.2 STRAY-LIGHT CORRECTION ALGORITHM
	5.3 DERIVATION OF MOBY SLC MODEL PARAMETERS
	
	
	
	Experimental
	MOS205/MOBY219 BSG in-band area
	MOS205/MOBY219 BSG out-of-band slit-scatter function component
	MOS205/MOBY219 BSG Reflection peaks
	M205/MOBY219 BSG Off-CCD Scattering
	MOS205/MOBY219 Red Spectrograph (RSG)
	MOS205/M219RSG in-band area
	MOS205/M219 LuMid RSG OOB Slit-scatter Function
	MOS205/M219 LuMid RSG Reflection peaks




	5.4 STRAY-LIGHT CORRECTION OF MOBY
	5.5 ALGORITHM VALIDATION
	5.6 UNCERTAINTIES
	5.7 DISCUSSION
	
	
	
	Impact on SeaWiFS
	Implications for algorithm development




	5.8 SUMMARY
	5.9 ACKNOWLEDGEMENTS
	REFERENCES




	Appendix A
	Characteristics of Satellite Ocean Color Sensors: Past, Present and Future
	Giulietta S. Fargion
	Science Applications International Corporation, Beltsville, Maryland.
	REFERENCES




	Appendix B
	List of Acronyms
	James L. Mueller
	Center for Hydro-Optics and Remote Sensing, San Diego State University, California



	Appendix C
	Frequently Used Symbols
	James L. Mueller
	Center for Hydro-Optics and Remote Sensing, San Diego State University, California




